Considering that the existence of relativistic particles in the protostellar jet has been confirmed by the detection of linearly polarized radio emission from the HH 80-81 jet, we search for γ-rays (which could be produced by the relativistic particles) from the HH 80-81 system using ten-year Fermi-LAT observations. A significant γ-ray excess is found in the direction of the HH 80-81 system with TestStatistic (TS) value>100 , which is likely produced in the HH 80-81 jet. The γ-ray spectrum extends only to 1 GeV with a photon index of 3.5. No significant variability is found in the γ-ray emission. Combining the γ-ray and previous radio observations, we may exclude the relativistic Bremsstrahlung process for the production of the γ-rays under the assumption of a magnetic field strength of 0.1 mG. γ-rays can be produced through inverse-Compton (IC) scattering of relativistic electrons or inelastic proton-proton (pp) interaction. The maximum energies of electrons and protons are constrained to be < 0.1 TeV and ∼ 20 GeV, respectively.
INTRODUCTION
Radio jets/outflows have been observed in protostars, which are possibly driven by the accretion in the formation of the stars (e.g., Rodríguez et al. 1990; Rodriguez 1996; Marti et al. 1993; Anglada et al. 1996; Garay et al. 2003; Rodríguez et al. 2005) . In contrast to the relativistic jets in active galactic nuclei (AGNs), the protostellar jets move at much smaller velocities which are typically from 100 to 1000 km s −1 (see Anglada et al. 2018 , for a review). The radio emission is usually dominated by the free-free emission from the thermal motions of electrons, which is characterized by a positive spectral index and no linear polarization (e.g., Anglada et al. 2018) .
Among the protostellar jets, the HH 80-81 jet (located at a distance of 1.7 kpc) is an intriguing object (e.g., CarrascoGonzález et al. 2010) . The central source in the HH 80-81 system is IRAS 18162-2048, which is identified as a massive B-type protostar (e.g., Carrasco-González et al. 2012) . The entire radio jet system extends up to ∼ 5 pc (e.g., Marti et al. 1993; Carrasco-González et al. 2010; Rodríguez-Kamenetzky et al. 2017 ). In the central region of the jet, the spectral index of the radio emission is positive, which suggests a dominating thermal emission in the region (e.g., Rodriguez 1996; Rodríguez-Kamenetzky et al. 2017) . In some knots as well as in the lobes, the radio emissions show negative spectral indices, which suggests an additional non-thermal component in these regions (e.g., Marti et al. 1993; Carrasco-González et al. 2010; Rodríguez-Kamenetzky et al. 2017) . In particular, the radio emission from the knots located ∼0.5 pc from the central source is found to be linearly polarized (Carrasco-González et al. 2010) . This clearly confirms the non-thermal origin of the radio emission (Carrasco-González et al. 2010) . The non-thermal radio emission is believed to be the synchrotron radiation of relativistic electrons in a magnetic field.
Particle acceleration and γ-ray production in the protostellar jet have been studied (e.g., Araudo et al. 2007; BoschRamon et al. 2010; Munar-Adrover et al. 2013; Rodríguez-Kamenetzky et al. 2016 , 2017 , 2019 . The relativistic electrons in the jet would inverse-Compton (IC) scatter optical-ultraviolet (UV) photons to GeV γ-ray energies. In a dense material environment, γ-rays could be produced through relativistic Bremsstrahlung process. If the protons in the jet are also accelerated accompany with the acceleration of the electrons, the inelastic proton-proton (pp) interaction also produces γ-rays. Motivated by the above arguments, we analyze the Fermi-LAT data in the direction of IRAS 18162-2048 to search for γ-rays in the HH 80-81 system.
DATA ANALYSIS
In this work, we select 10-year data observed by Fermi-LAT (from 2008 August 4 to 2018 August 4), covering the energies from 100 MeV to 300 GeV. The events of Pass 8 "SOURCE" class (evclass=128, evtype=3) within 14
• × 14
• region of interest (ROI) centered at the position of IRAS 18162-2048 are used (Atwood et al. 2013 ). The Fermi-LAT fourth source catalog (4FGL; The Fermi-LAT collaboration 2019) based on the 8-year data is used to construct the background model. Galactic and extragalactic diffuse components are modeled by gll iem v07.fits and iso P8R3 SOURCE V2 v1.txt, respectively. We employ the Fermi-tools to perform the analysis, and the instrument response function of P8R3 SOURCE V2 is adopted. To reduce the contamination from the Earth limb, we exclude the events within the zenith angles of > 90
• . Standard binned likelihood analysis is performed to fit the free parameters in the model, and the obtained best-fit model is used in next procedure.
RESULTS
We use gttsmap to create 5
• × 5
• Test-Statistic (TS) map. It is obtained by moving a putative point source through a grid of locations on the sky and maximizing the likelihood function (-logL) at each grid point.
From the TS map of the region towards IRAS 18162-2048 (left panel of Figure 1 ), one can see a significant γ-ray excess with the TS value of 101. In order to describe this excess, we add a source at the position of IRAS 18162-2048 and assume that its spectrum is a power-law form. Then the fitting procedure is performed again, and the residual map is obtained (right panel of Figure 1 ). The residual map shows that the γ-ray excess can be attributed to one source with a power-law spectrum with the photon index Γ γ = 3.52 ± 0.16.
For the γ-ray excess region, we exclude known possible γ-ray source within 1 degree, through performing cross analysis with the SIMBAD database 1 . Nearest known γ-ray source 4FGL J1818.1-2000 is about 0.8 degrees away, which has little impact on the γ-ray excess (see Figure 1) . Moreover, a γ-ray candidate 3FGL J1819.5-2045c (4.5 away) has been removed in the Fermi-LAT fourth source catalog.
In Figure 2 , we construct the spectral energy distribution (SED) of the γ-ray excess. Energy span is divided into 15 logarithmic-equivalent bins, and in each energy bin we perform likelihood analysis to calculate the flux. One can see that the primary emission is below 1 GeV. The γ-ray flux above 100 MeV is (5.2 ± 0.4) × 10 −8 photons cm −2 s −1 . We obtain the flux variation during the observation. Each time-bin covers 360 days, and no obvious variability is found (top panel of Figure 3 ). The photon index also keeps stable (≈3.5) in the ten years (bottom panel of Figure 3 ). 
IMPLICATIONS OF THE γ-RAYS
Relativistic particles in protostellar jet can produce γ-rays through a variety of processes, including IC scattering, relativistic Bremsstrahlung, and pp interaction (e.g., Araudo et al. 2007; Bosch-Ramon et al. 2010 ). The present observations cannot determine the radiative mechanism for the γ-rays. Nevertheless, the γ-ray spectrum we obtained can put constraints on the characteristics of the relativistic particles in the jet.
The characteristic cooling time of pp interaction in the hydrogen medium with number density n 0 is written as (e.g., Aharonian 2004) t pp = (n 0 σ pp f c)
Here, an average cross-section at high energies of about 40 mb is used, and the coefficient of inelasticity f = 0.5 is adopted (assuming that on average the proton loses about half of its energy per interaction). For a typical n 0 ∼ 1000 cm −3 in the HH 80-81 (e.g., Anglada et al. 2018) , we derive t pp ∼ 50000 yr. The ratio of the mean energy of the produced γ-ray to the energy of the incident proton is ∼ 0.05 (Kelner et al. 2006) . Therefore, the energy of the proton that produces the observed 1 GeV photons through pp interaction is ∼ 20 GeV. The spectral index of the protons distribution s p is same as the γ-ray photon index (Kelner et al. 2006) , i.e., s p ≈ 3.5.
The cooling time of electrons due to the Bremsstrahlung losses is (e.g., Aharonian 2004)
With n 0 ∼ 1000 cm −3 , we get t br ∼ 40000 yr. The energy of the electron that produces the observed 1 GeV photons through Bremsstrahlung is ∼1 GeV (Blumenthal, & Gould 1970) . The spectral index of the electron distribution is s e ∼ Γ γ ≈ 3.5. In this case, the maximum energy of synchrotron photon is E syn,max (eV) ≈ 2 × 10 −8 (1 GeV/m e c 2 ) 2 B. Considering a magnetic field strength of 0.1 mG (Carrasco-González et al. 2010), we have E syn,max (eV) ∼ 10 −5 . This energy range is covered by the radio observations, and the photon index of the observed radio spectrum is 1. al. 1993) . From the relativistic electrons distribution, the photon index of the synchrotron emission is expected as (s e + 1)/2 ≈ 2.3 (Blumenthal, & Gould 1970) . It is noted that this predicted synchrotron spectrum at ∼0.01 meV is inconsistent with the radio observations.
The cooling time of electrons due to the IC scattering is (e.g., Aharonian 2004)
where γ is the Lorentz factor of the relativistic electrons and U s is the energy density of seed photon field. The energy of the scattered photons E 1 is written as E 1 ≈ γ 2 E s (Blumenthal, & Gould 1970) , where γ is the Lorentz factor of the relativistic electrons and E s is the energy of the seed photons. Protostars are detected as strong infrared sources. Assuming E s ∼ 0.01 eV (corresponding to the temperature T ∼ 100 K) (Bosch-Ramon et al. 2010), we can derive γ ≈ 3×10
5 with E 1 =1 GeV. Considering U s ∼ 10 −12 erg cm −3 (Bosch-Ramon et al. 2010), we have t IC ∼ 2×10 6 yr for the electrons that produce 1 GeV photons. The energy of synchrotron photon is calculated by E syn (eV) ≈ 2×10 −8 γ 2 B, where B is strength of magnetic field. With B = 0.1 mG, the maximum energy of the synchrotron photons is ≈ 0.2 eV. There is no observed data at this energy range. In this scenario, s e is predicted as s e = 2Γ γ − 1 ≈ 6. This very steep spectrum indicates that there is a cut-off at γ c (γ c < 3 × 10 5 ) in the electron distribution.
CONCLUSIONS AND DISCUSSIONS
The clear detection of linearly polarized radio emission from the HH 80-81 jet (Carrasco-González et al. 2010 ) confirms the existence of relativistic particles in the protostellar jet. γ-rays from the HH 80-81 jet are therefore expected. We search for γ-rays from the HH 80-81 system using 10-year Fermi-LAT data. A significant γ-ray excess is found towards the direction of HH 80-81 system. After excluding other possible γ-ray candidates, we determine that the stable γ-ray excess is contributed by the HH 80-81 system, which is likely the non-thermal γ-rays from the HH 80-81 jet. The spectrum of the γ-ray excess extends to 1 GeV with a photon index of 3.5.
Assuming a magnetic filed strength of 0.1 mG (e.g., Carrasco-González et al. 2010) , the Bremsstrahlung can be excluded due to the inconsistency between the observed radio spectrum and the predicted synchrotron spectrum from the constraints on the γ-ray spectrum.
In the IC scenario, the cut-off energy in electrons distribution is constrained to be < 0.1 TeV. The maximum energy of proton for pp interaction is constrained to be ∼ 20 GeV. The results suggest the shock in the protostellar jet as an efficient particle accelerator, which was proposed in theoretical studies (e.g., Padovani et al. 2015 Padovani et al. , 2016 . Our results are consistent with the arguments on the particle acceleration in previous works (e.g., Bosch-Ramon et al. 2010; Rodríguez-Kamenetzky et al. 2017) .
